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(54) NANOCOMPOSITE CRYSTALLINE SINTERED MAGNET AND MANUFACTURE OF 
THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
nanocomposite crystalline sintered magnet of high 
density and performance at a low cost by 
molding/solidifying a quench alloy at a lower pressure 
and temperature. 

SOLUTION: Quenching/solidifying is performed after a 
molten metal 21 of an alloy, which is represented, in a 
general expression either by Fe100-x-yRxBy, Fe100-x-y- 
zRxByCoz, Fe100-x-y-uRxByMu, or Fe100-x-y-z- 
uRxByCozMu is prepared. Then the solidified alloy 
powder is pressurized/sintered to manufacture a sintered 
magnet. When an alloy molten metal, which satisfies 1 
atom %<sx<7 atom %, 15 atom %£y<s20 atom %, 0.2 
atom %SzS7 atom %, and 0.01 atom %<u£7 atom %, is 
quenched and solidified, it turns into an amorphous state, and shows glass transition at a 
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temperature lower than a crystallization temperature before softening. By utilizing the 
softening phenomenon, the sintered magnet of a Fe3B/R2Fe14B nanocomposite crystalline 
which is superior in magnetic characteristics is manufactured at low temperatures and 
pressures. 
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uo-.-Y-i R« B,C 0,, F e, 0 i,-,. ».„ R, B,M„ , $/c 
BF e,,,...,.,.,R,B,Co t M,©<51tia>?^$tt£ 

fiSJtx, y, zisJ:&uttim-%£x£7IB&-%. 1 
5J®T%gyg2 0^%. 0. 2H^-%^z^7^ 

%, te.tO'0. 0 1 IF/.^u ziwtf-y&m&thh 
T. fi&m&tttCfttifcFejB/R.F e„B$t/'3> 




1 

joa-i-Y- 1 Ri B T C o n F eiQ 9 -i- v . v R, B y M«, &tc 

&£*±S7C^T&r), Mi*A 1 , Sk Ti, V, C 
r, Mn, N i , Cu, Ga, Zr, Nb, Mo, H 
f\ Ta, W, Pt, Pb, AufcJ;tfAg7)>6&68f 

lM^%^x^7JS-?-%, 
1 5MT-%^y ^2 0IT%, 

0. 0 lMT-%^u^7Jj^% 

F e j B^tca^titeJcO'Rj F e n B&it£MEZ^ 
U 

&&nm* 5 n m«± 1 0 0 n mHm 0 , 

[«3RS3] Pr/Nd^o, 7 5OTT&&t<b£ 
»S<bT^li^l */di2CciBKcDty3>^>?.> h 

[lft^4] Cu, Ag, fc<£^uCD£ft£WS# 

[iS*JI5] Si, Ti, V. Cr, Zr, fciO'N 
b^6^^^6iiW$n/c^< <!: fc-gC[)7C^CD^ 

i„-,. v ..R.B v Co«, F e 10 o.i.v. H R,B y My % ttc 
teF e 100 ^-r-z- M Rx B ¥ C 0,1V!, (R&P r fc^O'N 

ht£h%±Wt%Xih*). MttAI, Si, Ti, V, 
Cr, Mn, N i , Cu, Ga, Z r , N b, Mo, H 
f, Ta, W, Pt, Pb, AufcJ;tMg;fr6&6ffif 

z&^O'u^, lS^%^x^7i^T%, 15^%^ 
y ^20^-7-%, 0. 2JF,-?-%^z^7M^%, 
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8 0MPafcTFCDE^£WtoU mzmxmtZft 

vimbc&6m&Mm££®ffimc*iox 5 5 o°cw±7 

2 0 & 2 0 M P a tt±<DKt) £ 

t^cc* zm&mm&&<Dwmc*t l x 2 0 m p a «± 

(DE#££Ptt) U e> , 5 5 0 °C&± 7 2 0 'C«TO|5 

♦IteiVR, F e 14 B*ft£«rtH*£«U MAttS* 
5 n mt(± l 0 0 n mHTt* 0 , ffi&#KS5g<D9 2 

*^6^6 8CDf5in^D k io^fBIS(Dt>'n>^^7 h 

caijRs i o ] iwe&ft«nig*WE#H»*r 

30 [gf im l l ] fJ!E«E»Ha<0|ft*tE*«: 7 OkP 
C»*Bl 2] irfB^SHXgCCfcl^, Mfi^ 

<D^iPiis^5x i o>K/mi±ttmmiGfrt> 

[ 11^31 13] 4 H^%£Lb© N d C t 
40 [fff3R3g 1 4 ] Pr/Nd*«0. 7 5felTr*6C4 
[»«515] Cu, Ag, teJ:CXAu ©^fl-dWa 

[8*^91 6] S i, Ti, V, Cr, Zr, fe^O' 
Nb*6ft4»*6aiR3n/c^«c< 4^-^(Dtc^<D 

50 Ig6^6 1 5©{6Itl^i>4^K:ie*S<D^^3>#^-y h 
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[0 00 1] 

imHDMttmMm) f e , bh&hd 

StifeSfc J:OT e - R - Bmt&&l<D®&§k&mtEl,tc 
[0002] 

Fe J B/R 1 Fe„BSt^3>#y, 
H5B, y?h«ttfflr*SFe,BaWSfti^-K 10 
8Btttffir**R,Fe 14 B»Ba*«&-«:^b. 

.Ch&©!lteftttBtt©#ttS3 <HM©© 3*X!ft 
[0003]tya>#y»HIEtt. V7h8ttffi* 

f t<om>*satt«4**sBa»*tt©w,»^- k«hb 20 

4 £fe£ l/rWWtO»f«W5***44 Z> C 4 ifix 
H»1«|3WS6E-r*IS«. £#4 L,r#±®7U^©^W 

«ws<»*.&hs. cocttt. «&5©S¥i§:3XF£ 
[0005] c©«fc^^^-y3>!i<y^ hfisstt, en 

lltg, *MBi«:J:o-c*«mt*ffflS**4l>9*ffi 30 

[0006] #m&m<D£&teKu-)\'mK£<DJ}i> 

mp a - ;u 4 J§3mft!(?£M<* * c £ tc J: , TM4£ 

i^i)$s©«)8Pw^PD-;i/©jajiS*H«s-r*c 

[000 7] SEU ft&n-^^amfc^^ ® 40 

aa*fii(c*< aog < mwc <**) 

©fe. f9IMi«:j:o-cJ:0IIM>i>-^X«:»»Stir» 

[0008] *©». te&itmcihvmmmi t>ti 

6. CCMStCj^T. Fe,BtMgfi45j:CfR,Fe 
SlKltCfS£f*C4Ct&.S. 

[0 00 9]*SHMB#6«. Fe.B/R.FewBJft 
^ y 3 > y , h ffiBtmoBSSMStt £&#1T 6 4 4 *> 50 
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0«K>K»54LTffll>SC4*««L'C*fc. Fe, 
B/R.F e,,B^y3>5j<yy FSfcEtmt*. Fe 
/NdJeHBSt^ay^-; httSttH4>F e/ 
Sm.FewNJtya^y, FBBBKltttl, T«* 

iwit*?, xatfttcai/cos. c©ni«. 

aaw»**l>it»5j6i-t>. Fe©t4»&g#£ . 

[ooi o]ffi*©ty3>ify^ hBEi*, «r»©A 
5 tc . j< Ji/h x f - > *ettPSs©j&§t#ScK: <fc o r Ki§ 

F®B©tff44 bXm^htlXVtc. C©J; 5ft«t 
JS#> K«5* 1 GP aSK©»E^rfiSJKL/fe4l/-r 

•t?(,>8 5%gfi-C*ofc. •&©«*. t^3>^vh 
[0011] «l6»5tt^> K«5«CJt«l,'ta*MCE 

{tbXL$>5. 

1 0 0 1 2 ] C ©ft:©. )»EE«IStt«4ffll>T + ✓ 3 > 

#y » h »b**»j9> ^tmmettmt h c t vim s 

«r««lf SC 4 FifeS© 
[00 13] C®£>>rj:toWmmiZm^X1- sa> 

[ o o 1 4 ] mmmt. mm&mtc* or. 

^4 i> < SiJJR?:^ (y X I > S ( IEEE .Trans . Mag 
n.26(1990)260l) „ C©^fCj;nU. ^^ttT?iSt>fi? 

sa**wr*N d - f e - B^^t^ise^^jg-r* c 

4*5f*S. L^t. ffi^3tirt,»-5il5tt. Nd,3C 
o, „ B, F e , ,ifeS{t»*4 2 0 M P a t?Jnil«JifeOfc 

*>©-c*9. Nd*i ajRweaitdw-r*. c©» 
7 0%gstcjar&(.». 

[0 0 l 5] Lee?«, Nd„ (Fe,.„B,.„) „ 
©feSfb^U-?*: I 0 3 MP a. 7 0 0 -CXMEMte 

ucfa mmmtmt&^xm^m&sK.?z>mi* 

fR^LtliS (Appl. Fhvs. Lett. 46(185)790) „ C© 
S©2Ig*«M!«:&4fc®. «iS3X F#i»JJDl/TL> 
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»B8^ * - * fc© *» * c 4 #B Wc S. 
[0016]Grungerge r^tt. M^MQP 
- AfcJ^MQP - B£fflt>Tl*b&J&f*©jBIIIJgtt£ 
HHMteaUEUfc. 1 
/zm.VcM\j. *»o*SJMMi©i/3««:tt«i/r»f 

5:^l//c (3. Alloys and Compounds 257(1997)293) . 
[00 17] /WWW*. Fe„Coi,Nb,Nd l B 1 fc 10 
J:0 : Fe l ,Co 1 „Nb 1 Nd,B 1 ©7 ; t^7 7X^ 
**6 3 6MPa. 8 0 0iCrJlllEE«BTS«ai**S 
Lri>4 ( 1 9 9 8^B2M9&***SM»»* 

16 7). cciStBtt. ±B»E*m©7**7TX6 
[ o o 1 8 ] Mm&wm^m^m.*. 

«. S*<b*B»4(/-C. Mn-Al -CW;&<DWi&lc 20 
[0 0 19] 

[»WjW*»LJ:9 4-3-SIWn /|^»»«:J:i±IBfi£* 
6tfl5-C« > 7*;U7 7*tfc®fC*£t&3t;£fflt,\ 50 0 
MPafeU^W^E^TjJDK^To-CI,^. C©<fc5fc 

[0 0 2 0] *»W«»i*>5^(Cfli*tJ6:Sti7cfc© 

©t/a^y, ng^w^iae^ffinx mtmt 30 

£C4K:£,S„ 
[0 02 1] 

»B V , F e jbj-«-v-i R x B v C o t , F eio 0 _»- v _ y R* B 
V M U , ttcUF e 109 -,. ¥ -,. B R,B v C o f M B t?S3tl 
St^3>^7 h»EfflJia»^'C*^r, RiiPr 
fciVN d©-**/clip*©ic*«: 5 0 JK^KaJtS 

O7C^6^^>^±S7n^r^0, MBA 1, S i k T 40 
i, V, Cr, Mn, Ni 4 Cu, Ga, Zr, Nb, 
Mo, Hf\ Ta, W, Pt, Pb, Aub^Ag^ 

x, y, z*J:tfu^ 15 

hie^H^^Sr^or, Fe s Bft£»tBte<fctfR, 
Fe,,B»fl:£»ffl«:£WU MW5nmH±l 
00 nm«K*0, *a*JJtaf«©9 2%«±r*i 50 
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[0022] *wm&z>+;*>#v>»j vi&siKm 

WE<Dm&ym&, -UWe 100 -»-vR,Bv. Fe 
ioo-x- v -iR»B ¥ Co rv Fe 10 o-x-v-«R*B v M tts 
BF e 1 „.,. T . 1 .,R,B r C o t M„ (R^PrWOT 

mm® ^ > * y&viyvm * fc« Y.©Hitt±<D7aRfr 

e>«cift±a5E3Rr*0, MBA l ( Si, Ti, V, 
Cr, Mn, N i , Cu, Ga, Z r, Nb, Mo, H 
f, Ta, W, Pt, Pb, Aufc<fctfAg#»e>&*» 
3&>6JM?3*ifc-««±©7BRr*0, ttJStfcx. y, 

y^2 0i^%, 0. 2H^%^z^7MT*%, te<ktf 

o. o im-^%^ u£7iaws:»S"ra) Tgtsn* 

«tC*SSl»«H^0»*CC»br 8 0 M P a WTO 

[0023] srsBflfeexeccfeor . m&£m#vztR 

1&Kto6&foMm&&<D®3ilC*lLX 5 5 0 'CK±7 2 
QWTF®Vmiti>ZSRV2 0MP att±©E**EP 

[0 02 4] (gSBftlSxgccfc^r , BglB^^^xt^ 
»«c**ft»»H^4©»*k:*t 2 o m p a a±© 

tEhtmilbWb. 5 5 0*CW±7 5 0WF©«H 

[0 02 5] tuSfflKttXgCCte^r. Fe.Bft^^JtB 
fciO'R, F e 14 BJMb£WH«WrU tMHft&*S5 
n m«± 1 0 0 n mHTt* 0 , ffiS^Xflfa© 9 2 % 

[002 6] l»ESi»»Xg4 j«E»Ha*rlS!f "T 
[0 02 7 ] «r8B«E»H»<0»*HI*S: 70kPa« 

[0028] «rEai»«Hxg«:te^r, ara^©» 

[002 9 ] #±®7C^<b 4 JglTWXbON d £^ 

[003 0 ] Pr/Nd#0. 7 5WT"C*SCi^» 

[0 0 3 1 ]Cu, Ag, fcJ^AuCD^ftSWS** 
0. lJR-T-96WTr**Ci3W»*bl». 
[0032]Si,Ti,V, Cr, Zr, *Jj:tfNb 

[0033] 
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ioo-»-vR» B r , F e , »!).,.,., R, B v C o , , Fej 
0[ ,.,-»- u R»B,M u , $/cB Fe ) oo.».,. I . g R,B»Co 

[0034] CCT, RBPrfc.fctfNdO-tfSfcB 
^©7C^*5 0M-T%W±^WU. 3»»*iflfi©5>* 

3t'C*'3, MBA I , Si, Ti, V, Cr, Mn, N 
i. Cu, Ga. Zr, 1Mb. Mo. Hf. Ta, W. 
Pt. Pb, AufciVA gifihftZmfrlimtRZtitc 
-mikVnMXb*. fflfiStbx. y, zteWulJl 
M*%^x=*7M^%. 15«*KSy£2 0H*K. 
0. 2JSHPK£zS7J5(*K. fcitfO. 0 

[0035] $H#£Wgtt, ±&££«£*&&«ll, 

•tfW*C4*JH,>f£l,fc. 20 
C©ft<BJ»*Wffl-raciJ:r>-C. JtUWjtc 
(ai»fiS<6tr>BE*r. «amttCC«ifcF e , B/R, F 

4#r££C4 4^;l. $&BJJ£:B$iJT&KS-?/i: 0 ft 

*$. £3JWi*££*»©^a«tcj:->-cB. »6n 

$Mb-<rS4ttBlf>&<,>. 7*Wt^)!/ 

s>. ^■*©E#^tf/*fctt«K*±jf3'tfS!fcs 

30 

[0036] 6&MW!>ttjpKB(CRRl/C. -£©ftipj$ 
K£5X 1 0 S K/#JU±K1-£C4;W*U>. 
jlg#5 x l 0 s K/fcWiLBc&Si . ±IBMfiS©H^ 
££ttBHSS£*#61ltt»K:fcS. Fe, 
B©^-$#£j£-f SIM h©»#ffiS>T;4>&(r>fc 
*>. *4©*WaiI»CF e, B©ttMOtf*» < tift 

*©»*. ^©^^(cfchB. 

C>. b#>LWE>. *«WrB. 2 0MPafeLh©H* 40 

C ±fc. 5 K. flDEMSSrSfH 

^5Xv«IStt{CJ:ortf*«. &t$i$IBI*:ttB(CjI|| 

&fc«>. J:0«nfc8B»l*tt*#*{:4*«r*4. 
[ 0 0 3 7 J ft*. »*PjIlf#ii-f ££4 («U<25 x 
1 0'K/#*»c&£4) . &«te£#s#7XjB#£ 

ws«<a*. ^5&s4. mttzmt&xtotiztt so 
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[003 8] *»W"CflBl»*fl«4^*«. JSJMtfeJ:tf 
*t8i££WL,T:fcD. ^ft©jamfti*ff&%')*l/Tt,> 

s»t ® n&ittawtt *»» § * & c 4 # pjtetc a 5 . 

[0039] F e, B©*gHfbB. ilS. 590 

-6 0 0'C©SK-C£DS. F e,B©tt£<t©«&i{C 
#7t, N d*©#±Wc*#F e, B©MH©#AX 
{Sf^CCttttHSft, ^©^©ffl^Nd.Fe^BtC 
iS-3<. *©<*£. Nd,Fe„BttttliitctiJfi*»o 

£*4-r*C4ft<. S&fUbTS. Nd,Fe„BA% 
JUbf *SSB. F e , BflOBSfbPSST-r 6HJSJ: 0 
fc*5j2 0~9 0-C/cWilS<, ift6 1 0~6 9 0'Cr* 
4. 

[0040] Si. Ti, V, Cr, Zr, S/cBN b 

b, Fe,B©ttjwtra*-h»a*a*a**s. o 

fc*5r>r, Si. T i . V. C r. Z r. *fc«Nb£ 
g5jJDl/tte< 4. ffMZMc&}fr^{S.1ivxm&Z:W 
mcjf&£'>K.rjiZ>. Si. Ti. V. Cr. Zr. 
J;0'N bfr6&*8**>e>jmR3*ifc<!>&< 4 fc-«©7C 
JR©SH**«0. 5M^%W±-C**C4*J»*l/t>. 
[004 1 ] C*i«c*tL.r. Cu. Ag. Au. 
PrB. Fe,B©i§flfbSa*ffiTStt3»**T 

4. i//c*^r. Cu. Ag. Au. fej:iy'P r©asjra 
fiB^«ct>^f*5JfiF*0lr>. COtcib. Cu, Ag, fc<fc 
tfAuC^fff^WBSrO. l«^-««Tfr*C4#i» 
*U>. Pr/Nd£0. 7 5WTtcT-SC4*5 

[0042] UOEttS-ClSSfbWitT f 4 4 * , Nd* 
5 Wa-% ZMit Z> £ 5 tsM N d ffifS© Wf4*ffll > X h , 
Fe^/Nd.FcBt/a^^-; hffl^#6n 

©^^ a fix uw-ifiEJjmtoic i. o r mmtcfc 

TI/. F e.Bffifci^Nd.F e^BW^KSa-rSfc 
*4#^.^tx4. E#*9«ll]Lttl>«te». Cr^©il 
fb©^ifS'5:tST^S<7cm ; 5:^tt]La(,>4. Fe.B/ 
Nd ! Fe 14 B^y3>*^y hiffl«iBff6n%*>-, 

[0043] WT. Bffi*#fi3L**S6. *«W©H1S 

B, 01 (a) toJ:0' (b) Knit&mm>Xim& 
©BMb*KKfc». ^ffitt^^»H«*r^»j6ia 
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[ 0 0 4 4 ] m 1 ©SStt. Kffi *fcB*iStt:tfa*H 
[0045] 1 B. 9f|g©88iE^ifi(S«:^5 A 

5 «:ie£ $ htttm 2 o r»iw s 3 

i. JMKcH»y;Ot>5*#rS»»8«4£, *»© 
0-3o6B£/I*4*?«53 rtfc«fc*afc*> 
©^MfWIHtt8&*ffA'a,>&. INVgB4ttJK 10 
£f-££©igjS2 lfcHfA. ■e©aiSSS i S:0f^©U^;l' 

[0 04 6]fll?ftS2tt. ffi^^X;U5^e>(ti/c^jS2 
l*&$«H*S/cfc©llig&iSP-;U7 4. Ctiicd: 

o rii^aaa § ftfcni4£&*si&g 2 

««10 4*«;fCI,»S. COUBKJrhtt. MRL ffl 

C©J: «*««MJp8-2 7 7 

4 0 3#4MWcBt,< BttStTC t»*. 
[0 047] C©«»C*Jl>-CB. 1 fccfcO'&te 20 

^2 rt©»H**»«fctf*©EE*#Bf3E©«B«:«»Sn 

Z<DtctblC> fl^X^Ol b. 2b, 8b. 
fej:^ b4#X|IEMPl a. 2 a. 8 a. teJ:tf 9 a 

[0 04 8]*)WP3B«ttplttr*»). R-h6£:fr 

i/c«»2 i*«»s«4rt«:aaaEafiitr. mz 1 

[0 04 9]H?jW»4Offl»>''X;W5«. Hlli 
ft&£2£©fl|8CCfW3ft. tt*884rt©itift2 1 30 
*T*«Cfitil-ri?^ci-7U7©«iB«:«ETS'ttS. til 
iyXA50t'J7-(^g(J, W*.tf0. 5~2. Ora 
mt*i. *»2 l©tttt*«;**lr>i»£. ®»2 IBM 

T. ?§*§2 l©ai»*XA-X«:Sltfr'5C*S'C#i. 
[0 05 0] ftaP-Jl/7®^IB«tfi'PA8!)-,S 
Jf TSto*rt*$ 9 . *MPP-H<7©it&Bt»J;iB3 0 0 

©*»tt*B. #tt3N&ft:9©railM£ttMt£tc 40 
[0 05 1 ] *Sa8K«fctlB, 0 k'g©E 

2 0-40 &m-c*&8HS ■» s cim 

S. CHtMlfc^iB. ailWWKfe^rB. * 
§ : 7 0~ 1 5 0 u m. its : 1 . 5~6 mm ©££»?£ 
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CLAIMS 



[Claim (s)] 

[Claim 1] A general formula FelOO-x-yRxBy, FelOO-x-y-zRxByCoz, It is the 
raw material alloy for nano composite magnets expressed with FelOO-x-y- 
uRxByMu or FelOO-x-y-z-uRxByCozMu. R contains the element of either Pr 
or Nd and both more than 50 atom %. They are the rare earth elements 
with which the remainder consists of other lanthanides or an element 
more than a kind of Y. M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, 
It is an element more than a kind chosen from the group which consists 
of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation ;ratio x, and 
y, z and u x<=l atom %<=7 atom %, y<=15 atom %<=20 atom %, It is the 
nano composite crystalline substance sintered magnet formed from the end 
of a super-quenching alloy powder z<=0. 2 atom %<=7 atom % and 0.01 
atom %<=u<=7 atom % are satisfied. The nano composite crystalline 
substance sintered magnet characterized by containing a Fe3B compound 
phase and an R2Fel4B system compound phase, for the diameter of crystal 
grain being 5nm or more lOOnm or less, and a consistency being 92% or 
more of true density. 

[Claim 2] The nano composite crystalline substance sintered magnet 
according to claim 1 characterized by including Nd more thain 4 atom %. 
[Claim 3] The nano composite crystalline substance sintered magnet 
according to claim 1 or 2 characterized by Pr/Nd being 0. 75 or less. 
[Claim 4] The nano composite crystalline substance sintered magnet of 
any of claims 1-3 characterized by the sum total content of Cu, Ag, and 
Au being below 0. 1 atom %, or one publication. 

[Claim 5] The nano composite crystalline substance sintered magnet of 
any of claims 1-4 characterized by the content of at least a kind of 
element chosen from the group which consists of Si, Ti, V, Cr, Zr, and 
Nb being more than 0.5 atom %, or one publication. 

[Claim 6] A general formula Fel00-x-yRxBy, Fel00-x-y-zRxByCoz, Fel00-x- 
y-uRxByMu or Fel00-x-y-z-uRxByCozMu (R contains the element of either Pr 



or Nd and both more than 50 atom %) They are the rare earth elements 
with which the remainder consists of other lanthanides or an element 
more than a kind of Y. M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, 
It is an element more than a kind chosen from the group which consists 
of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, and Ag. The presentation -ratio x, and 
y, z and u x<=l atom %<=7 atom %, y<=15 atom %<=20 atom %, |It is the 
manufacture approach of the nano composite crystalline substance 
sintered magnet formed from the end of a super-quenching alloy powder 
expressed. z<=0. 2 atom %<=7 atom % and 0.01 atom %<=u<=7 atom % — being 
satisfied — The rapid solidification of the molten metal of the alloy 
which serves as a raw material of said nano composite magnet powder with 
the melt quenching method using a cooling roller is carried out. The 
process which generates the rapid solidification alloy in the metallic 
glass condition which shows glass transition at temperature lower than 
crystallization temperature by it, The manufacture approach of the nano 
composite crystalline substance sintered magnet which includes the 
process which sinters by impressing the pressure of 80 or less MPas to 
the powder of the rapid solidification alloy in said metallic glass 
condition. 

[Claim 7] The manufacture approach of the nano composite crystalline 
substance sintered magnet according to claim 6 which impresses the 
pressure of 20 or more MPas at the temperature which is in ;the 550- 
degree-C or more range of 720 degrees C or less to the powder of the 
rapid solidification alloy in said metallic glass condition in said 
sintering process, and carries out shaping solidification. ; 
[Claim 8] The manufacture approach of the nano composite crystalline 
substance sintered magnet according to claim 6 which heats ;to the 
temperature in the 550-degree-C or more range of 720 degrees C or less, 
and is crystalized while impressing the pressure of 20 or more MPas to 
the powder of the rapid solidification alloy in said metallic glass 
condition in said sintering process. 

[Claim 9] The manufacture approach of the nano composite crystalline 
substance sintered magnet any of claims 6-8 to which a Fe3B compound 
phase and an R2Fel4B system compound phase are contained, and the 
diameter of crystal grain is characterized by forming 5nm or more metal 
texture whose consistency it is lOOnm or less and is 92% o£ more of true 
density in said sintering process, or one publication. 
[Claim 10] The manufacture approach of the nano composite crystalline 
substance sintered magnet any of claims 6-9 which perform said rapid 
solidification process in a reduced pressure ambient atmosphere, or one 
publication. 



[Claim 11] The manufacture approach of the nano composite crystalline 
substance sintered magnet according to claim 10 which sets ithe absolute 
pressure of said reduced pressure ambient atmosphere to 70 ;or less kPas. 
[Claim 12] The manufacture approach of the nano composite crystalline 
substance sintered magnet any of claims 6-11 which carry out the cooling 
rate of said alloy to more than a 5xl05K/second in said rapid 
solidification process, or one publication. 

[Claim 13] The manufacture approach of the nano composite crystalline 
substance sintered magnet any of claims 6-12 characterized ;by including 
Nd more than 4 atom %, or one publication. 

[Claim 14] The manufacture approach of the nano composite crystalline 
substance sintered magnet any of claims 6-13 characterized :by Pr/Nd 
being 0.75 or less, or one publication. 

[Claim 15] The manufacture approach of the nano composite crystalline 
substance sintered magnet any of claims 6-14 characterized ;by the sum 
total content of Cu, Ag, and Au being below 0. 1 atom %, or jone 
publication. 

[Claim 16] The manufacture approach of the nano composite crystalline 
substance sintered magnet any of claims 6-15 characterized by the 
content of at least a kind of element chosen from the group which 
consists of Si, Ti, V, Cr, Zr, and Nb being more than 0.5 atom %, or one 
publication. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nano composite 
crystalline substance sintered magnet with which the microcrystal of a 



Fe3B compound and the microcrystal of a Fe-R-B system comppund were 

intermingled, and its manufacture approach. 

[0002] 

[Description of the Prior Art] A Fe3 B/R2Fel4B system nano composite 
magnet is a magnet which the Fe3B microcrystal which is a software 
magnetism phase, and the R2Fel4B microcrystal which is a hard magnetism 
phase were distributed over homogeneity, and both combined -magnetically 
by the exchange interaction. These microcrystals have the size of 
magnetic property die-length (thickness and exchange length of magnetic 
domain wall) extent, and since they constitute the organization (nano 
composite organization) which both the microcrystals phase compound-ized, 
they are called the "nano composite magnet. " 

[0003] A nano composite magnet can demonstrate the magnet property which 
was excellent with magnetic association with a hard magnetism phase, 
though a software magnetism phase is included. Specifically the 
ferromagnetic high phase of magnetization and the high hard magnetism 
phase of a crystal magnetic anisotropy can be combined, and the new 
magnet ingredient of high magnetization can be formed, and the software 
magnetic material which equalized the crystal magnetic anisotropy 
spatially and made coercive force low can also be formed. 
[0004] Moreover, the content of rare earth elements is low jstopped as a 
whole as a result of existence of the software magnetism phase which 
does not contain rare earth elements, such as Nd. This is Convenient, 
also when reducing a magnetic manufacturing cost and supplying a magnet 
to stability. 

[0005] Once such a nano composite magnet quenches the fused raw material 
alloy and makes it amorphous by it, it is manufactured using the 
approach of depositing a microcrystal, by heat treatment. 
[0006] The alloy of an amorphous state is produced using melt spinning 
techniques, such as the piece rolling method, and that [ its ] of **** 
is common. A melt spinning technique flows down a molten metal-like raw 
material alloy on the periphery front face of the rotating cooling 
roller, and makes a raw material alloy quench and solidify,; when only a 
cooling roller and a short time contact a molten metal-like raw material 
alloy. When based on this approach, control of a cooling rate is 
performed by adjusting the peripheral velocity of a cooling roller. 
[0007] The alloy which solidified and is separated from a cooling roller 
becomes the ribbon (thin band) configuration prolonged thinly and for a 
long time in the peripheral-velocity direction. After crushing and 
flake-izing this alloy thin band with a fracture machine, disintegration 
of it is ground and carried out to finer size by the grinder. 



[0008] Then, heat treatment for crystallization is performed. A Fe3B 
microcrystal and an R2Fel4B microcrystal will be generated ^by this heat 
treatment, and both will be magnetically combined by the exchange 
interaction. 

[0009] Invention-in-this-application persons have proposed ^carrying out 
joint shaping solidification and using the magnet ingredient as a bond 
magnet with a resin binder, while improving the magnetic properties of a 
Fe3 B/R2Fel4B system nano composite magnet ingredient. The ;Fe3 B/R2Fel4B 
system nano composite magnet ingredient is easy to manufacture as 
compared with a Fe/Nd2Fel4B system nano composite magnet ingredient or a 
Fe/Sm2Fel7Nx system nano composite magnet, and fits industrialization. 
It is easy to produce the point that the cooling rate when -this reason 
quenching the molten metal of a raw material alloy in the case of the 
latter ingredient is large, and grain growth of Fe, and originates in 
the point that control of heat treatment is difficult. 
[0010] As mentioned above, since it was manufactured by super-quenching 
methods, such as a melt spinning technique, the conventional nano 
composite magnet was processed the shape of a flake, and in the shape of 
powder, and was used as an ingredient of a resin bond magnqt. Even if it 
fabricated such a resin bond magnet by the high voltage foi*ce of lGPa 
extent, the space factor of the magnet ingredient part occupied in a 
bond magnet was about at most 85%. Consequently, even if the nano 
composite magnet itself was the ingredient in which high magnetization 
is shown, it was difficult to raise the magnetization as the whole bond 
magnet. 

[0011] Since the consolidation of the sintered magnet is fully carried 
out as compared with a bond magnet, if a sintered magnet can be 
manufactured from a nano composite magnet ingredient, it can make high 
magnetization of a nano composite magnet ingredient discover effectively. 
However, since the nano structure of a nano composite crystal has low 
thermal stability, if heat treatment for sintering is performed to a 
nano composite magnet ingredient, crystal growth will be promoted and 
magnetic properties will deteriorate. 

[0012] For this reason, manufacturing a sintered magnet from a nano 
composite magnet ingredient using a pressure-sintering technique is 
proposed. It becomes possible to manufacture the aperiodic ^compass by 
which the consolidation was carried out, without according [to this 
technique, degrading the high magnetic properties which a nano composite 
crystal has, since heat treatment conditions required for sintering can 
be eased. 

[0013] The following techniques are proposed as an approach of 



manufacturing a nano composite crystalline substance magnet using such a 
pressure-sintering technique. 

[0014] Wada etc. has reported the technique which bulk-izes the end of 
an alloy powder by hot press sintering (IEEE. Trans. Magn. 26 j (1990) 2601). 
According to this technique, the Nd-Fe-B bulk-like magnet which has high 
coercive force with isotropy can be manufactured. However, ;the magnet 
reported carries out heating sintering of the Ndl3Col6 B6Fe65 
crystallization powder by 20MPa(s), and 13 atom % extent also contains 
Nd. The residual magnetic flux density of this magnet is about only 70% 
of a residual magnetic flux density of an anisotropy sintered magnet. 
[0015] Lee etc. has reported the technique used as an anisotropic magnet 
by the plastic deformation between **, after carrying out pressure 
sintering of the crystallization flake of Ndl3 (Fe 0. 95B0. 05) 87 at 
103MPa(s) and 700 degrees C (Appl. Phys. Lett. 46 (185) 790). ^According to 
this approach, since 2 of a hot press sintering process and the plastic 
deformation process between ** processes are needed, a manufacturing 
cost will increase. Moreover, in the case of an anisotropic magnet, in 
order to show a high magnet property only in an one direction, it 
becomes difficult to obtain what has a complicated magnetization pattern 
like a polar anisotropy ring magnet. 

[0016] Grungerger etc. measured the plastic deformation behavior between 
** of a solidification Plastic solid using trade name MQP-A and MQP-B. 
Consequently, flow stress being proportional to the l-/cube of 
deformation velocity, and increasing in proportion to the l-/cube of the 
diameter of crystal grain and decreasing in proportion to the inverse 
number of molding temperature were shown (J. Alloys and Compounds 257 
(1997) 293). 

[0017] The islet etc. has reported the technique which carries out 
pressure sintering of the amorphous alloy-powder end of Fe88Co20Nb2Nd5 
B5 and Fe66Co20Nb2Nd7 B5 at 636MPa(s) and 600 degrees C (Japan Institute 
of Metals spring convention lecture number 167 in the 1998;fiscal year). 
This technique uses the phenomenon softened mechanically, in case the 
amorphous alloy-powder end of the above-mentioned magnet irigredient 
crystallizes. 

[0018] In addition, as an approach of manufacturing a permanent magnet 
bulk object by the warm working method, it confines in the sheath other 
than hot pressing, and there is the approach of extruding between ** and 
carrying out. This approach is used for manufacture of a Mnraluminum-C 
magnet for the purpose of the formation of the different direction. 
[0019] 

[Problem (s) to be Solved by the Invention] In the above-mentioned 



conventional technique by an islet etc., it is pressurizing by the high 
pressure of 500 or more MPas using the powder in an amorphous condition. 
The technique of requiring such high voltage will not be suitable for 
industrialization and fertilization, and will raise a manufacturing cost. 
[0020] This invention is made in view of these many points,: and the main 
object is in offering the nano composite crystalline substance sintered 
magnet of high density high performance suitable for industrialization 
by low cost. 
[0021] 

[Means for Solving the Problem] The nano composite crystalline substance 
sintered magnet by this invention A general formula Fel00-x-yRxBy, 
Fel00-x-y-zRxByCoz, It is the raw material alloy for nano composite 
magnets expressed with Fel00-x-y-uRxByMu or Fel00-x-y-z-uRxByCozMu. R 
contains the element of either Pr or Nd and both more than ;50 atom %. 
They are the rare earth elements with which the remainder consists of 
other lanthanides or an element more than a kind of Y. M aluminum, Si, 
Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, It is an element more than a kind 
chosen from the group which consists of Nb, Mo, Hf, Ta, W, Pt, Pb, Au, 
and Ag. The presentation ratio x, and y, z and u x<=l atom ;%<=7 atom %, 
y<=15 atom %<=20 atom %, It is the nano composite crystalline substance 
sintered magnet formed from the nano composite magnet powder with which 
are satisfied of z<=0. 2 atom %<=7 atom % and 0.01 atom %<=u<=7 atom %. A 
Fe3B compound phase and an R2Fel4B system compound phase are contained, 
the diameter of crystal grain is 5nm or more lOOnm or less,; and it is 
characterized by a consistency being 92% or more of true density. 
[0022] The manufacture approach of the nano composite crystalline 
substance sintered magnet by this invention A general formula Fel00-x- 
yRxBy, Fel00-x-y-zRxByCoz, Fel00-x-y-uRxByMu or Fel00-x-y-z-uRxByCozMu 
(R contains the element of either Pr or Nd and both more than 50 atom %) 
They are the rare earth elements with which the remainder consists of 
other lanthanides or an element more than a kind of Y. M aluminum, Si, 
Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, It is an element more than a kind 
chosen from the group which consists of Nb, Mo, Hf, Ta, W, ^Pt, Pb, Au, 
and Ag. The presentation ratio x, and y, z and u x<=l atom ;%<=7 atom %, 
y<=15 atom %<=20 atom % It is the manufacture approach of ;the nano 
composite crystalline substance sintered magnet formed from the end of a 
super-quenching alloy powder expressed. z<=0. 2 atom %<=7 atom % and 0.01 
atom %<=u<=7 atom % — being satisfied — The rapid solidification of 
the molten metal of the alloy which serves as a raw material of said 
nano composite magnet powder with the melt quenching method using a 
cooling roller is carried out. The process which generates !the rapid 



solidification alloy in the metallic glass condition which shows glass 
transition at temperature lower than crystallization temperature by it, 
and the process which sinters by impressing the pressure of 80 or less 
MPas to the powder of the rapid solidification alloy in said metallic 
glass condition are included. 

[0023] In said sintering process, it is desirable to impress the 
pressure of 20 or more MPas and to carry out shaping solidification at 
the temperature which is in the 550-degree-C or more range of 720 
degrees C or less to the powder of the rapid solidification alloy in 
said metallic glass condition. 

[0024] In said sintering process, you may heat and crystallize to the 

temperature in the 550-degree-C or more range of 750 degrees C or less, 

impressing the pressure of 20 or more MPas to the powder of the rapid 

solidification alloy in said metallic glass condition. 

[0025] In said sintering process, a Fe3B compound phase and an R2Fel4B 

system compound phase are contained, the diameter of crystal grain is 

5nm or more lOOnm or less, and it is desirable that the metal texture 

whose consistency is 92% or more of true density is formed..; 

[0026] It is desirable to perform said rapid solidification process in a 

reduced pressure ambient atmosphere. 

[0027] It is desirable to set absolute pressure of said reduced pressure 
ambient atmosphere to 70 or less kPas. 

[0028] In said rapid solidification process, it is desirable to carry 
out the cooling rate of said alloy to more than a 5xl05K/second. 
[0029] It is desirable that Nd more than 4 atom % is included as rare 
earth elements. 

[0030] It is desirable that Pr/Nd is 0.75 or less. 

[0031] It is desirable that the sum total content of Cu, Ag, and Au is 
below 0. 1 atom %. 

[0032] It is desirable that the content of at least a kind ;of element 
chosen from the group which consists of Si, Ti, V, Cr, Zr, and Nb is 
more than 0. 5 atom %. 
[0033] 

[Embodiment of the Invention] In this invention, after a general formula 
produces the molten metal of the alloy for nano composite magnets 
expressed with any of Fel00-x-yRxBy, Fel00-x-y-zRxByCoz, Fel00-x-y- 
uRxByMu, or Fel00-x-y-z-uRxByCozMu they are, the alloy molten metal is 
quenched and solidified. Then, the powder of a coagulation lalloy is 
pressurized and sintered and a sintered magnet is manufactured. 
[0034] It is the rare earth elements with which R contains i.the element 
of either Pr or Nd and both more than 50 atom %, and the remainder 



consists of other lanthanides or an element more than a kind of Y here, 
and M is an element more than a kind chosen from the group iwhich 
consists of aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, Nb, Mo, Hf, 
Ta, W, Pt, Pb, Au, and Ag. The presentation ratio x, and y,j z and u 
satisfy x<=l atom %<=7 atom %, y<=15 atom %<=20 atom % z<=?0. 2 atom °/o<=7 
atom %, and 0. 01 atom %<=u<=7 atom %. 

[0035] The amorphous alloy with which the invention-in-this-application 
person did the rapid solidification of the above-mentioned :alloy molten 
metal, and got it found out temperature lower than crystallization 
temperature showing glass transition, and softening, an invention-in- 
this-application person uses this softening phenomenon — comparatively 
— alike — low temperature — it thinks that the Fe3 B/R2Fel4B system 
nano composite crystalline substance sintered magnet which ;is a low 
pressure and was excellent in magnetic properties can be manufactured, 
and came to hit on an idea of this invention. In addition, below at 
crystallization temperature, the amorphous alloy obtained- depending on 
an alloy presentation or the cooling rate of an alloy molten metal does 
not show glass transition, and does not always become soft.; Since a 
softening phenomenon cannot be used when an amorphous alloy does not 
show glass transition, it is necessary to raise the pressure and/or 
temperature at the time of sintering. 

[0036] It is desirable to carry out the cooling rate on the occasion of 
the cooling coagulation of an alloy molten metal more than ;a 
5xl05K/second. If a cooling rate becomes more than a 5xl05K/second, the 
. quenching alloy of the above-mentioned presentation will be in a nearly 
perfect amorphous state. In that case, since there are very few sites 
which the ununiformity nucleus of Fe3B generates, the crystal grain of 
Fe3B becomes easy to grow by the next heat treatment process greatly. 
Consequently, according to the conventional sintering approach, 
possibility that it becomes impossible to be unable to form the detailed 
crystalline structure, but for coercive force etc. to decline, and to 
demonstrate outstanding magnetic properties is strong. However, in this 
invention, since the sintering process heated where the pressure of 20 
or more MPas is applied is performed, as compared with the jcase where it 
does not pressurize, solidification shaping can be attained at lower 
temperature and magnetic-properties degradation by crystal growth can be 
avoided. Moreover, since crystal growth can be controlled as a result of 
being able to shorten sintering time amount substantially if pressure 
sintering is performed with a discharge plasma sintering process so that 
it may mention later, more excellent magnetic properties can be acquired. 
[0037] When a cooling rate is too slow, a quenching alloy stops in 



addition, showing glass transition (if for example, under a 
5xl05K/second coming). If it becomes so, since the property to soften 
will be lost, the consolidation in the low voltage force becomes 
difficult. 

[0038] The raw material alloy used by this invention has metallic glass 
structure, before receiving heat treatment for crystallization and 
solidification shaping, and it does not show long-distance Aperiodic 
order nature. According to the experiment of an invention-in-this- 
application person, by adjusting the cooling rate of an alloy molten 
metal as mentioned above, a metallic glass-like alloy can be formed and 
it becomes possible to demonstrate the magnetic properties jwhich were 
extremely excellent with subsequent heat treatment. 

[0039] In addition, crystallization of Fe3B is usually produced at the 
temperature of 590-600 degrees C. With progress of crystallization of 
Fe3B, rare earth elements, such as Nd, can begin to come to the 
amorphous field around Fe3B, and the presentation of the part approaches 
Nd2Fel4B. Consequently, Nd2Fel4B is crystallized, without needing long- 
distance atomic diffusion, in spite of being a ternary compound with 
complicated structure. Only about 20-90 degrees C of the temperature 
which Nd2Fel4B crystallizes are higher than the temperature which 
crystallization of Fe3B completes, and it is about 610-690 idegrees C. 
[0040] Si, Ti, V, Cr, Zr, or Nb serves to raise the crystallization 
temperature of Fe3B. Therefore, when Si, Ti, V, Cr, Zr, or M) is added, 
the formed quenching alloy comes to show glass transition clearly. It is 
desirable that the content of at least a kind of element chosen from the 
group which consists of Si, Ti, V, Cr, Zr, and Nb is more than 0. 5 
atom %. 

[0041] On the other hand, Cu, Ag, Au, or Pr serves to reduce the 
crystallization temperature of Fe3B. Therefore, little direction of the 
addition of Cu, Ag, Au, and Pr is desirable. For this reason, it is 
desirable to make the sum total content of Cu, Ag, and Au below into 0. 1 
atom %. Moreover, it is desirable to make Pr/Nd or less into 0.75. 
[0042] When crystallization advances in the state of application of 
pressure, even if it uses an ingredient of a high Nd presentation with 
which Nd exceeds pentatomic %, a Fe3 B/Nd2Fel4 B nano composite 
organization is obtained. The Gibbs free energy of Fe3B falls relatively 
by pressure impression in the metastable phase which exists variously, 
or a balanced phase, and this is considered for Fe3 B phase and Nd2Fel4 
B phase to be stable. When a pressure was not impressed, unless it added 
the element which causes sharp lowering of magnetization, such as Cr, 
the Fe3 B/Nd2Fel4 B nano composite organization was not obtained. 



[0043] Hereafter, the operation gestalt of this invention is explained, 
referring to a drawing. 

With the [manufacture approach of raw material alloy and its powder] 
book operation gestalt, a raw material alloy is manufactured using the 
equipment shown in drawing 1 (a) and (b). In order to prevent oxidation 
of the raw material alloy containing the rare earth elements which are 
easy to oxidize, an alloy production process is performed in an inert 
gas ambient atmosphere. As inert gas, it is desirable to use rare gas, 
such as helium or an argon. In order that nitrogen may tend to react 
with rare earth elements, using as inert gas is not desirable. 
[0044] The equipment of drawing 1 held the vacuum or the inert gas 
ambient atmosphere, and is equipped with the dissolution room 1 and the 
quenching room 2 of the raw material alloy which can adjust the pressure. 
[0045] The dissolution room 1 is equipped with the fusion furnace 3 
which dissolves the raw material 20 blended so that it might become a 
desired magnet alloy presentation at an elevated temperature, the hot- 
water-storing container 4 which has the tapping nozzle 5 at the pars 
basilaris ossis occipitalis, and the combination feeding equipment 8 for 
supplying a feed ingredient in a fusion furnace 3, controlling 
atmospheric penetration. The hot-water-storing container 4 {stores the 
molten metal 21 of a raw material alloy, and has the heating apparatus 
(un-illustrating) which can maintain the tapping temperature on 
predetermined level. 

[0046] The quenching room 2 is equipped with the revolution cooling 
roller 7 for carrying out the rapid solidification of the molten metal 
21 which came out of the tapping nozzle 5, and the fracture machine 10 
which crushes the raw material alloy in which rapid solidification was 
carried out by this in the quenching room 2. According to this equipment, 
it can continue and be parallel and the dissolution, tapping, rapid 
solidification, fracture, etc. can be performed. Such equipment is 
indicated in detail by JP, 8-277403, A. 

[0047] In this equipment, the ambient atmosphere in the dissolution room 
1 and the quenching room 2 and its pressure are controlled iby the 
predetermined range. Therefore, controlled atmosphere feed {hopper lb, 2b, 
8b and 9b, and the f lueing openings la, 2a, 8a, and 9a are iformed in the 
suitable part of equipment. 

[0048] A fusion furnace 3 can be tilted and pours in a molten metal 21 
suitably in the hot-water-storing container 4 through a funnel 6. A 
molten metal 21 is heated by non-illustrated heating apparatus in the 
hot-water-storing container 4. 

[0049] The tapping nozzle 5 of the hot-water-storing container 4 is 



arranged at the septum of the dissolution room 1 and the quenching room 
2, and. makes the front face of a cooling roller 7 in which it is located 
caudad flow down the molten metal 21 in the hot-water-storing container 
4. The diameter of an orifice of the tapping nozzle 5 is 0.|5~2. Omm. 
Although a molten metal 21 stops being able to flow easily ;in the inside 
of the tapping nozzle 5 when the viscosity of a molten metal 21 is large, 
** which performs tapping of a molten metal 21 smoothly is ;made by 
forming the pressure differential of magnitude suitable between the 
dissolution room 1 and the quenching room 2. 

[0050] The front face of a cooling roller 7 is covered for ^example, in 
the chrome plating layer, and the diameter of a cooling roller 7 is 300- 
500mm. The water-cooled capacity of a water cooler established in the 
cooling roller 7 is computed and adjusted according to the icoagulation 
latent heat and the amount of tapping per unit time amount.- 
[0051] According to this equipment, the rapid solidification of a total 
of the 20kg raw material alloy can be carried out, for example in 20 - 
40 minutes. In this way, before fracture, although the formed alloy is 
the alloy thin band (thickness -70-150micrometer and width-pf-face: 1. 5- 
6mm) (alloy ribbon) 22, after being crushed by the alloy flake 23 with a 
die length of about 2-150mm with fracture equipment 10, they are 
collected by the recovery device section 9. In the example of equipment 
currently illustrated, the recovery device section 9 is equipped with 
the compressor 11, and a flake 23 can be compressed by it. : 
[0052] Next, the manufacture approach of the raw material alloy using 
the equipment of drawing 1 is explained. 

[0053] First, a general formula produces the molten metal 21 of the 
alloy for nano composite magnets expressed with any of FelQ0-x-yRxBy, 
Fel00-x-y-zRxByCoz, Fel00-x-y-uRxByMu, or Fel00-x-y-z-uRxByCozMu they 
are, and stores in the hot-water-storing container 4 of thej dissolution 
room 1. Here,. R, M, the presentation ratio x, the range of y, z, and u, 
etc. are as having mentioned above. 

[0054] Next, tapping of this molten metal 21 is carried out on the 
water-cooled roll 7 from the tapping nozzle 5, and contact ;on the water- 
cooled roll 7 quenches it, and it is solidified. It is necessary to use 
the approach of controlling the high degree of accuracy of ]a cooling 
rate as the rapid solidification approach, and the piece rolling method 
which is one of the melt quenching methods is used with this operation 
gestalt. For rapid solidification, it is also possible to use the gas 
atomizing method in addition to this. 

[0055] Let a cooling rate be a 5x105 - 5xl07K/second on the* occasion of 
the cooling coagulation of a molten metal 21 with this operation gestalt. 



Since a tissue phase metastable in becoming a microcrystal organization 
selectively generates, or it will become the structure of connoting 
short range order even if amorphous if a cooling rate is slower than 
this, a quenching alloy may stop showing glass transition. : 
[0056] Only **T 1 reduces the temperature of an alloy to low temperature 
with the above-mentioned cooling rate (5x105 - 5xl07K/second). Since the 
temperature of the alloy molten metal 21 before quenching is in the 
temperature (for example, 1200-1300 degrees C) near the melting point Tm, 
the temperature of an alloy falls to (Tm-**T1) from Tm on a cooling 
roller 7. According to the experiment of an invention-in-this- 
application person, it is desirable that **T1 is within the limits of 
400-800 degrees C from a viewpoint of raising a final magnet property. 
[0057] The time amount by which the molten metal 21 of an alloy is 
cooled with a cooling roller 7 is equivalent to time amount after an 
alloy contacts from the periphery front face of the rotating cooling 
roller 7 until it separates/ and, in the case of this operation gestalt, 
it is 0. 5 - 2 ms. Then, the solidified alloy separates from a cooling 
roller 7, and flies the inside of an inert atmosphere. As a result of 
heat' s being taken by the controlled atmosphere while the alloy is 
flying with thin band-like one, the temperature falls to (Tm-**T1-**T2) . 
Although **T2 change with the size of equipment, or the pressures of a 
controlled atmosphere, they are about 100 degrees C or more than it. 
[0058] With this operation gestalt, the temperature of the :alloy thin 
band 22 performs a crushing process promptly within equipment in the 
phase set to (Tm-**T1~**T2) , and produces the alloy flake 23 on that 
spot. Therefore, it is desirable to adjust so that the magnitude to 
which (Tm-**T1-**T2) becomes lower than the glass transition temperature 
Tg of an alloy (**T1+**T2). It is because it will be in the condition 
that the alloy became soft and the fracture will become difficult, if it 
is >=(Tm-**Tl-**T2) Tg. When performing fracture / grinding process of a 
coagulation alloy separately with other equipments, in order for alloy 
temperature to fall to room temperature extent, it is not necessary to 
take the magnitude of (**T1+**T2) into consideration but, and since it 
is directly under crystallization temperature, in order to iavoid quality 
degradation of an amorphous alloy, as for Tg, being referred to as <(Tm~ 
**T1-**T2) Tg is more desirable. 

[0059] In addition, as for the absolute pressure in the quenching room 2, 
it is desirable to set up within the limits of 2-30kPa, and it is still 
more desirable to set up within the limits of 3-10kPa. It is because the 
alloy thin band 22 which the cooling condition was equalized and was 
excellent in the shape of surface type will be obtained even if a 



possibility that a controlled atmosphere may be wound between a molten 
metal 21 and the front face of a roller 7 disappears and it makes the 
cooling rate of a molten metal 21 lower than before if it flows down a 
molten metal 21 on the cooling roller 7 in the state of such reduced 
pressure. On the other hand, when it flows down a molten metal 21 on the 
cooling roller which rotates with a late peripheral velocity in an 
ordinary pressure ambient atmosphere, a controlled atmosphere is . 
involved in, the thickness of the alloy thin band 22 becomes an 
ununiformity, or a cooling rate becomes an ununiformity, or a turbulent 
flow occurs and there is [ **** / that irregularity is fornied in a front 
face ] a possibility that the shape of surface type of the -alloy thin 
band 22 may deteriorate. 

[0060] Moreover, if it continues at a rapid solidification ^process and 
the crushing process of the coagulation alloy by shredding equipment is 
promptly performed like this operation gestalt, the quenching alloy 
breathed out from the cooling roller as a long alloy ribbon is 
recoverable in a compact in space narrow in comparison. If ^rapid 
solidification equipment and shredding equipment are made 4 n °ther 
configuration, it will be necessary to once contain it in the condition 
of having been bulky, using a quenching alloy as a long thin band. 
[0061] If well-known mechanical grinding equipment grinds further the 
alloy flake crushed by fracture equipment, the alloy-powder end of the 
magnitude suitable for a heat treatment process or a subsequent forming 
cycle is producible. With this operation gestalt, it grinds after 
performing coarse grinding of an alloy until it is set to qbout 850 
micrometers or less with power mill equipment until grain size is set to 
about 150 micrometers with pin disc mill equipment. 

The sintering process carried out to the amorphous powder which consists 
of the above-mentioned raw material alloy to below the [sintering 
approach] while referring to drawing 2 is explained. Drawing 2 shows 
discharge plasma sintering equipment. This equipment is equipped with up 
punch 28a for giving a pressure to the fine particles in the water- 
cooled chamber 26, the sintering dice 27 located in that interior, and 
this sintering dice 27, and lower punch 28b. Up punch 28a and lower 
punch 28b are constituted so that it can energize to fine particles 
according to the special sintering power source 31, while being pressed 
by the special application-of-pressure device 29. Through up punch 
electrode 30a and lower punch 30b, the special sintering power source 31 
invests power in the fine particles in a dice 27, and forms the 
discharge plasma. The special application-of-pressure device 29 and the 
special sintering power source 31 are controlled by the control unit 32. 



[0062] In the discharge plasma sintering process performed using such 
equipment, since an excessive arc discharge phenomenon just before 
shifting a direct current and a pulse current train to arc ;discharge by 
the sink and it in piles is used, effective sintering can be performed 
under application of pressure. In more detail, direct pulse-like 
electrical energy is supplied to a green compact particle gap, and the 
energy of the high-temperature plasma generated by spark discharge in an 
instant is used for sintering. Therefore, rapid temperature up is 
possible and it is easy to control grain growth of raw material powder. 
Thus, since the discharge plasma sintering process is suitable for 
forming a precise sintered compact for a short time, when producing a 
nano composite crystalline substance sintered compact like this 
invention, it is suitable. 

[0063] If the pressure of 20 or more MPas is impressed to amorphous 
powder with such equipment, a good sintered magnet can be formed at the 
sintering temperature of about 550-750 degrees C. In this invention, in 
order that a general formula may use the alloy for nano composite 
magnets expressed with any of Fel00-x-yRxBy, Fel00-x-y-zRxByCoz, FelOO- 
x-y-uRxByMu, or Fel00-x-y-z-uRxByCozMu they are as a raw material, there 
is an advantage of being easy to form the condition which ^hows glass 
transition with a super-quenching method with sufficient repeatability 
as compared with the case where other alloys for iron system nano 
composite magnets are used. 

[0064] Moreover, according to this invention, in order to use an 
isotropic magnet ingredient, there is no need for magnetic ;orientation 
and there is a degree of freedom of the magnetization direction. 
Therefore, manufacture of a magnet with special magnetization patterns, 
such as a polar anisotropy magnet, becomes easy. Moreover, leven if it is 
an isotropic magnet, it becomes possible to manufacture a sintered 
magnet with a high residual magnetic flux density which is :equal to an 
anisotropic magnet on the application-of-pressure level of ;about 50 or 
less MPas. Furthermore, in the sintered magnet manufactured in this way, 
since only the comparatively small amount contains the rare earth 
elements which are rich in reactivity, the outstanding corrosion 
resistance can be demonstrated as compared with the conventional 
sintered magnet. 

[0065] Below, the example and the example of a comparison of this 
invention are explained. 

In [examples 1-4] this example, absolute pressure performed the above- 
mentioned rapid solidification process in the argon ambient atmosphere 
of 30kPa(s), using Nd5. 5Fe66B18. 5Co5Cr5 as a raw material alloy. As a 



cooling roller, the roll made from a copper alloy (diameter* 350mm) 
covered in the chrome plating layer with a thickness of 5-15 micrometers 
was used. The rapid solidification of the molten metal of a raw material 
alloy was flowed down it and carried out on the periphery front face, 
rotating the roll made from a copper alloy with the peripheral velocity 
of 5-15m/second. When the temperature of a molten metal was measured 
with the emission pyrometer, it was 1380 degrees C. The molten metal 
dropped the diameter of 1.5-1. 7mm by carrying out at the rate of per 
second 10-20g from the orifice. 

[0066] In this way, after grinding the obtained amorphous raw material 
alloy ribbon to powder with the particle size of 850 micrometers or less, 
in the discharge plasma sintering equipment of drawing 2 , iit heated in 
the state of application of pressure. Although the dice of :the discharge 
plasma sintering equipment used at this time was a product ;made from 
graphite, that front face was coated with BN powder. Where the pressure 
of 49MPa is given the end of a raw material alloy powder, it heated at 
the temperature-up rate for 25K/. Then, sintering heat treatment for 
about 5 minutes was performed at 550-700 degrees C. 

[0067] As shown in a table 1, the eburnation to 92 - 99% of true density 

was attained by the above-mentioned pressure sintering. The value also 

with the acquired proper coercive force high enough was shown. 

Especially, when whenever [ stoving temperature ] was 600 degrees C or 

more 650 degrees C or less, high coercive force was acquired. 

[0068] 

[A table 1] 



*5 




<Mg/m a ) 


ttftfttft 

(%) 


(TX7) 


Birfltttft 

<kA/m) 




650 


6.92 


91.9 


0.537 


287 


Sft«2 


600 


6.96 


92.4 


0.602 


474 


SUMS 


650 


729 


98.8 


0.549 


422 




700 


7.614 


99.8 


0.460 


230 




750 


7.526 


99.9 


0.324 


72 



In the example 1 of the [example 1 of comparison] comparison, pressure 
sintering was performed using the same equipment to the same ingredient. 
The difference of the example 1 of a comparison and examples 1-4 is in 



the point which made sintering temperature of the example 1 of a 
comparison 750 degrees C. As shown in a table 1, although the relative 
density of the example of a comparison is high, its coercive force is 
low. 

Pressing of the crystallization powder of [examples 2-5 of .comparison] 
Nd3. 5DylFe73B18. 5Co3Sil was carried out. Since this crystallization 
powder did not carry out glass softening, it needed to pressurize 
carrying out eburnation at the elevated temperature 800 degrees C or 
more. Crystal grain was able to grow greatly and was not able to make 
high coercive force discover, as a result of sintering at such an 
elevated temperature. 
[0069] 
[A table 2] 





rat 


mn 

(») 


BE* 
(MPa) 


ft* 

(Mg/m 3 ) 


fettft* 

<%) 




(kA/m) 




680 


10 


50 


6.00 


79.7 


0.615 


320 




680 


30 


50 


6.15 


81.7 


0.580 


287 




680 


10 


75 


6.38 


84.7 


0.632 


279 


amis 


800 


10 


50 


7.33 


97.3 


0.317 


48; 



[Examples 5-15] The presentation of examples 5-15, the pressure at the 
time of sintering and temperature, and the relative density of the 
obtained magnet are shown in the following table 3. These examples 
performed pressure sintering with the equipment of drawing ;2 using the 
rapid solidification alloy-powder end of the metallic glass condition 
which shows glass transition at temperature lower than glass 
crystallization temperature. Manufacture conditions are the same as an 
example 1. A table 3 shows that high relative density was dbtained on 
with 55 or less MPa of 40 or more MPas of pressures, and a sintering 
temperature [ 660 degrees-C or more / 720 degree-C or less j] conditions. 
[0070] 
[A table 3] 





tt& (at%) 












(MPa) 


CC) 


(%) 


5 


Nd4.5 Fe76.5 B18.5 Zr0.5 


45 


700 


99 ; 


6 


Nd4.5Fe76.5 B18.5 Nb0.5 


45 


680 


98 


7 


Nd4.5 Fe76.25 B18.5 Nb0.5 Cu0.25 


40 


680 


98 


8 


Nd4.5 Fe74 Co2.5 B18.5 ZrO.5 


40 


700 


99 


9 


Nd4 Fe74.5 Cc2.5 B18.5 Nb0.5 


40 


680 


99 


10 


Nd4 Fe74.25 Co2.5 B18.S Nb0.5 Cu0.25 


49 


660 


97 


11 


Pr2 Nd2Fe77B18.5Ti0.5 


49 


680 


98 


12 


Nd3.S Dy1 Fe73 Co3 Ga1 B18.5 


49 


680 


98 


13 


Pr1 Nd3.5 Fe70.5 Co5 Hfl B19 


55 


700 


98 


14 


Pr1 Nd4 Fb70 Co5 Ta1 B19 


55 


700 


98 


15 


Prl Nd4Fe70Co5W1 B19 


55 


720 


99 



[Examples 6-8 of a comparison] The presentation of the examples 6-8 of a 
comparison, the pressure at the time of sintering and temperature, and 
the relative density of the obtained magnet are shown in the following 
table 4. 
[0071] 
[A table 4] 





IflfiJc (at%) 


E* 


&£ 








(MPa) 


(°C) 


(%) 


6 


Nd4.5Fe76.5 B18.5Zr0.5 


10 


700 


84 


7 


Nd4.5Fe76.5 B18.5 NbO.5 


10 


680 


74 


8 


Nd4.S Fe76.25 B18.5 Nb0.5 Cu0.25 


50 


480 


78 



e 4 are 



The following thing is understood when a table 3 and a table 
compared. That is, when sintering pressures are 10MPa(s), since relative 
density becomes 90% or less, it is not desirable. Moreover,! if sintering 
temperature is less than 500 degrees C, even if pressures are 50MPa(s), 
relative density will be less than 80%. 

[0072] From the above experiment etc. , the pressure was set to 20 or 
more MPas at the time of sintering, and temperature was understood that 



it is desirable to make it 550 degrees C or more 720 degrees C or less. 
It is thought that a more desirable temperature requirement^ is 600 
degrees C or more 650 degrees C or less. 

[0073] With the discharge plasma sintering equipment used in the above- 
mentioned example, most energized currents flow a graphite mold and it 
is presumed to be the thing which makes the graphite mold itself 
generate heat by it. Therefore, the temperature near the thick core of a 
graphite mold is the highest, and the temperature of the raw material 
powder of the outer wall section of a graphite mold and the interior 
becomes low relatively. Since such temperature distribution existed, the 
hole for heat conductive pair insertion was made in the graphite mold, 
the heat conductive pair was inserted from the hole, and thermometry in 
the location near raw material powder as much as possible was performed. 
However, since it was made not to spoil the reinforcement 6f a graphite 
mold, a heat conductive pair was not able to be contacted raw material 
powder and directly. Above-mentioned temperature and an above-mentioned 
temperature requirement show the value measured by such measuring method. 
[0074] In addition, heating may be started, where it could istart the 
pressure impression to amorphous powder in the condition of having 
heated or a pressure is impressed to powder. - 

The reason for definition of an alloy presentation is explained to the 
[reason for presentation definition] last. 

[0075] Rare earth elements R are elements indispensable to ;R2Fel4B which 
is a hard magnetism phase. R in this invention is rare earth elements 
with which the element of either Pr or Nd and both is contained more 
than 50 atom %, and the remainder consists of other lanthanides or an 
element more than a kind of Y. The element of either Pr and Nd is 
indispensable in order to generate R2Fel4B with a uniaxial-crystal 
magnetic anisotropy. Rare earth elements other than Pr and ;Nd are 
suitably chosen as arbitration. Since there is too little effectiveness 
of coercive force generating when less than 2 atom %, the presentation 
ratio of R is not desirable. On the other hand, if the presentation 
ratio of R exceeds 6 atom %, since Fe3 B phase and Nd2Fel4 B phase will 
not be generated but an alpha-Fe phase will turn into the main phase, 
coercive force will decline remarkably. From the above thing, it is 
desirable about the presentation ratio x of R that it is x<=2 atom %<=6 
atom %. 

[0076] B is an element indispensable for both R2Fel4B which is Fe3B an'd 
the hard magnetism phase which are a software magnetism ph^se. Since 
necessary coercive force will not be demonstrated if the presentation 
ratio y of B separates from the range of 16 atoms % - 20 atom %, about 



the presentation ratio y of B, it is desirable that it is y<=16 
atom %<=20 atom %. Furthermore, if B separates from this presentation 
range, since the melting point will rise, it will be necessary to raise 
a melting temperature and the incubation temperature of a Hot-water- 
storing container and and amorphous generation ability will also fall, a 
desired quenching alloy organization becomes is hard to be iobtained. 
[0077] By raising Curie temperature, Co decreases the temperature-change 
dependency of magnetic properties, consequently has the function to 
stabilize magnetic properties. Moreover, there is also a function to 
reduce the viscosity of an alloy molten metal, and it contributes also 
to stabilization of a molten metal flowing-down rate. If the addition 
rate of Co is less than 0.02 atom %, the above-mentioned function will 
not fully be demonstrated, but if 7 atom % is exceeded, magnetic 
properties will begin to fall. When acquiring the effectiveness of this 
invention, addition of Co is not [ that what is necessary is just to 
perform addition of Co to demonstrate these functions ] necessarily 
indispensable. When adding Co, it is desirable that 0.2 atom %<=z<=7 
atom % is materialized about the presentation ratio z from Ian above- 
mentioned reason. 

[0078] M is added to increase coercive force as much as possible. If the 
addition rate of M is less than 0. 01 atom %, the increment -in coercive 
force will not fully be observed, but if the addition rate ;of M exceeds 
7 atom %, magnetization will fall. Therefore, when adding M, it is 
desirable about the presentation ratio u that 0. 1 atom %<=z<=7 atom % is 
materialized. In M, Cr demonstrates the effectiveness of corrosion- 
resistant improvement besides the increment in coercive force. Moreover, 
Cu, Au, and Ag are effective in expanding the proper temperature 
requirement in heat-of-crystallization down stream processing. 
[0079] 

[Effect of the Invention] The sintered magnet of a high consistency can 
be manufactured without degrading proper coercive force, in order 
according to this invention to use the softening phenomenon which the 
quenching alloy of the alloy for nano composite magnets by , which a 
general formula is expressed with any of Fel00-x-yRxBy, Fel00-x-y- 
zRxByCoz, Fel00-x-y-uRxByMu, or Fel00-x-y-z-uRxByCozMu they are shows 
and to carry out solidification shaping of the quenching alloy in the 
state of low voltage and low temperature. For this reason, jit is 
suitable for industrialization and fertilization, and it becomes 
possible to offer the nano composite crystalline substance Wintered 
magnet of high density high performance by low cost. 

[0080] According to this invention, using the pressure-sintering method 



which is easy to use industrially [ extrusion between ** of the powder 
confined in the hotpress, HIP, and the sheath etc. ], even df it is an 
isotropic magnet, a sintered magnet with a high residual magnetic flux 
density which is equal to an anisotropic magnet can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the sectional view showing the whole equipment 
example of a configuration used for the approach of manufacturing the 
raw material alloy for nano composite magnets by this invention, and (b) 
is an enlarged drawing of a part with which rapid solidification is 
performed. 

[Drawing 2] It is drawing showing the configuration of the ;discharge 
plasma sintering equipment which may be used suitable for this invention. 
[Description of Notations] 

lb, 2b, 8b and 9b Controlled atmosphere feed hopper 
la, 2a, 8a, and 9a Flueing opening 

1 Dissolution Room 

2 Quenching Room 

3 Fusion Furnace 

4 Hot-Water-Storing Container 

5 Tapping Nozzle 

6 Funnel 

7 Revolution Cooling Roller 

10 Fracture Machine 10 

11 Compressor 

21 Molten Metal 

22 Alloy Thin Band 



23 Alloy Flake 

26 Water-cooled Chamber 

27 Sintering Dice 
28a Up punch 

28b Lower punch 

29 Special Application-of-Pressure Device 
30a Up punch electrode 
30b Lower punch electrode 

31 Special Sintering Power Source 

32 Control Unit 
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[Drawing 1] 
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